INTRODUCTION
Developing a feeding system using crop residues or agro-industrial by-products will not only lower the cost of animal feed and improve the economic efficiency of animal production, but also reduce the environmental pollution caused by the disposal of these organic wastes (Kajikawa, 1996) . Preston et al. (1985) reported that improving the nutritional value of by-products by various treatments has been undertaken since the beginning of 20 th century, when a lot of efforts have been geared to treat them by physical, physio-chemical, chemical or biological means. Such treatments degrade the structural carbohydrates of the cell wall and enhanced the digestibility of crop residues.of this study was to examine effects of long-term feeding of diets based on bermudagrass hay supplemented with lucerne hay cube or FBF on growth rate, feed efficiency, behaviour, gut development, carcass characteristics and meat quality of goats.
MATERIALS AND METHODS

Location and climate of the study area
The study was carried out over a 28-week period between January and July 2004 at the livestock house of the Faculty of Agriculture, Kagoshima University (N31°63 latitude and E130°27 longitude). The climate is a subtropical with short, mild winters and hot, humid summers with average annual rainfall of about 2,240 mm and the mean temperature ranges from 7 to 28°C. The indoor temperature of the livestock house ranged from -2°C (minimum) to 38°C (maximum) and the relative humidity from 13% (minimum) to 99% (maximum) throughout the experiment.
Animal, feeds and management
Six spring-born 8-month-old crossbred (Japanese Saanen×Tokara native goats) bucks, with an average initial body weight (BW) of 21.6±3.0 kg were used in this experiment. The bucks were blocked by their BW and allotted to two feeding regimes. They were kept individually in cages. At the beginning of the adjustment period, they were treated against internal-and ecto-parasites using Ivomec (Ivermectin: 1 ml/10 kg BW) (Ivomec Topical, Merck & Co., Inc.) .
Commercial bermudagrass hay (basal diet) and lucerne hay cube (LH) were used in this study. The FBF was produced by the SSF of substrates containing dried sugarcane bagasse mixed with wheat bran in a ratio of 1:3 (w/w DM) in the koji-type tray bioreactor. Before loading to the tray (wooden type), 540 ml of tap water was added to the total of 1,336 g (1,200 g DM) of substrates in order to adjust their moisture content to 36% and after sterilization (120°C, 21 min) and cooling to 32°C, 1.2 g of spawn of Aspergillus sojae (0.1% DM basis) in powder form was aseptically spread over the substrates and they were mixed well. This material was fermented for 3 days at 30°C. Mixing and aeration of substrates were done manually for at least twice a day in order to achieve uniform fermentation. Chemical composition of feeds used in the experiment is presented in Table 1 . Bucks were fed bermudagrass hay supplemented either with LH or FBF ad libitum. Bucks were fed at 09:00 and 17:00 h, daily. Feed offered and refused were recorded daily (before morning feeding) after the adjustment period. Mineral lick blocks and water were available for the animals at all times throughout the experiment. Because of lower Ca/P ratio in the current FBF, 2% of calcium carbonate was added to the ration so that the ratio could be more than 2 and urinary calculi could not occur due to this imbalance.
Measurements
Feed consumption was recorded daily over the 28-week experimental period and body weight was measured at 2-week intervals before morning feeding. Feed samples were collected every 2-week for dry matter (DM) determination. The average daily DM intake (DMI) and average daily gain (ADG) for each goat were calculated from feed consumption data and BW measurements, respectively every 2 weeks throughout the whole period of this study. The average feed conversion (FC) for each goat was calculated as DMI/ADG. In the behavioural observation, the duration of eating, rumination (standing or lying), resting (standing or lying) and drinking behaviours was recorded at 1-min interval during 24 h on the 75-d. Day time was defined as 06:00 to 18:00 h and night from 18:00 to 06:00 h.
Blood constituents
On the final day of the experiment, blood samples were taken in 12 ml tubes from the jugular vein of each buck before the morning feeding. Hematocrit was estimated from the blood sample after centrifugation. Hemoglobin was determined directly from the blood sample using Sysmex F-520 (FUJIFILM, Japan), and glucose, urea nitrogen, Ca, P, Mg contents and the activity of transaminases (alanine aminotransaminases-ALT, aspartate aminotransaminases-AST) were determined from the blood serum using Fuji Dry Chem 3,500 V autoanalyser (FUJIFILM, Japan).
Slaughtering procedure and measurements
At the end of 28 weeks of feeding trial, all goats were slaughtered after fasting for 6 h. Warm carcass of each animal was weighed immediately after dressing and removal of offal parts. Carcasses were chilled at 4°C for 48 h and then weighed to determine the dressing percentage.
Cold carcass was separated into right and left sides. The left carcass half was cut across the 12 th rib and the GR value as an indicator of carcass fatness (the depth of muscle and fat tissue from the surface of the carcass to the lateral surface of the 12 th rib 110 mm from the midline) was directly measured using a GR knife as described by Pi et al. (2005) . Rib-eye area was measured after ribbing between the 6 th and 7 th ribs. The carcass was then cut into pieces and dissected in fat, muscles, bones and skin. The weights of liver and kidneys were recorded. An approximately 100 g sample from loin muscles of each carcass was stored at -20°C for later chemical analysis. Gut (stomach complex) contents were calculated as the difference between the full and empty gut. Washed guts were then separated into four parts described as rumen, reticulum, omasum and abomasum, and their weights were recorded. Samples (triplicate) of rumens (Saccus ventralis) were taken by cutting in a size of 1 cm 2 (from their lower portion) each to examine the length and total number of papillae contained. The length (the distance from the tip to the base of papillae) and the number (the total number of papillae per unit area) of papillae were observed under naked eye. Samples of loin and leg muscles were taken from the right carcass half of each goat for sensory evaluation. Thirty six evaluators (average age of 24 years) were gathered together and each evaluator was served a slice of chevon grilled using a hot plate for loin and leg samples. A 5-point hedonic ballot was used for the sensory evaluation based on the following index: flavor, aroma, tenderness, juiciness and overall quality as described by AMSA (1978) . Judges used a hedonic scale for evaluating samples ranging from 5 (like extremely) to 1 (dislike extremely).
Chemical analysis and digestion trial
All analyses were done in triplicate. Dry matter (DM) was determined by oven drying at 60°C for 48 h. Proximate analysis of feed samples was carried out for organic matter (OM), crude protein (CP), ether extract (EE), crude fiber (CF) and ash was conducted on oven-dried feed, and that of minced samples of loin muscle was also done for moisture, CP, EE and ash contents according to the methods of AOAC (1990) . Neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents of the feeds were analyzed according to the method described by Goering and Van Soest (1970) . Energy value of both feeds and loin muscle was determined using an adiabatic bomb calorimeter (Shimadzu CA-4PJ type, Shimadzu Co., Ltd.). In vivo digestibilities of nutrient of bermudagrass hay and LH were determined separately or in combination using 3 Nubian does according to the digestion trial of Ramli et al. (2005) to calculate digestible crude protein (DCP), total digestible nutrients (TDN) and digestible energy (DE) contents. The DE was calculated by the subtraction of energy loss into feces from energy value in feed. The chemical composition, DCP, TDN and DE of the FBF were described in Ramli et al. (2005) .
Statistical analysis
All data except for data on sensory evaluation were analyzed by a one-way analysis of variance (ANOVA) and tested using Fisher's PLSD test, while the sensory evaluation was made by the Wilcoxon's signed rank test, performed with a StatView for Windows (SAS, 1992) .
RESULTS
Growth rate
The BW of goats fed bermudagrass hay supplemented with either LH or FBF was not significantly different (Table  2) . However, growth rate for LH and FBF was slow or negative from 18 to 20 weeks as shown in Figure 1 . There were no significant differences in BW between treatments throughout the experiment. There were no significant differences in final weight and ADG, between treatments (Table 2) .
Feed efficiency
The average bermudagrass hay and NDF intake of goats fed FBF diet was significantly higher than those fed LH diet (p<0.05 and p<0.01, respectively). However, there were no significant differences in average DMI (g/day and g/W 0.75 ) of the experimental diets, feed conversion ratio, DCP and TDN intake between treatments.
Behaviour
There were no significant differences in eating, rumination, resting and drinking behaviours of goats fed on LH and FBF diets (Table 3) . About 70 to 80% of the eating time spent by goats in both groups was in day time. Feeding duration and rumination per day of goats were not different between treatments.
Blood constituents
Blood P content of goats fed FBF diet was significantly higher than those fed LH diet (p<0.01), but there was no significant difference for other blood constituents of goats fed either LH or FBF diet (Table 4) .
Carcass characteristics
Carcass traits of goats fed LH and FBF diets are presented in Table 5 . Slaughter and carcass weights, net meat percentage [(total meat/carcass weight)×100], loin ratio [(loin/total meat)×100], rib-eye area and skin weight were not significantly different between treatments. The GR indicative of carcass fatness for goats fed LH diet tended to be higher than that on FBF diet (p<0.1). However, goats fed FBF diet had lower dressing percentage and higher bone/muscle ratio compared with goats fed LH diet (p<0.01). The weights of liver and kidney were not different between treatments.
Gut characteristics
Gut characteristics of goats fed LH and FBF diets are shown in Table 6 . Empty gut and gut fill of goats fed FBF * (Total meat/carcass weight)×100. ** (Loin/total meat)×100. *** The depth of muscle and fat tissue from the surface of the carcass to the lateral surface of the 12 th rib 110 mm from the midline (Pi et al., 2005) . diet were significantly greater than those fed LH diet (p<0.05 and p<0.01, respectively). The weights of rumen and abomasum were also significantly heavier with FBF diet (p<0.05). In contrast, the weights of reticulum and omasum, length and density of papillae of rumens were not significantly different between treatments.
Meat quality
Loin meat composition was not different in goats fed either LH or FBF diet (Table 7 ). The meat of goats fed FBF diet was superior to that on LH diet in flavor, aroma and overall quality of loin (p<0.01), and in flavor of leg (p<0.05).
DISCUSSION
As presented in Figure 1 , goats in both LH and FBF groups had temporary slow or negative growth at 18 to 20 weeks, which may be due to higher indoor temperature (over 35°C) in hot summer. Indeed, there was a reduction in feed intake of goats (70 g/day for LH and 250 g/day for FBF) in the 18 to 20 weeks of the experimental period. The effect of heat stress on lowered feed consumption in livestock is widely documented (Tisserand, 1991; Hernandez Ledezma, 1992) , which may have reduced the growth rate of goats (Lu, 1989) . As shown in Table 2 , total DMI and that per W 0.75 were not different for goats fed either LH or FBF diet, indicating that FBF alternative of LH had no adverse effect on voluntary feed intake by goats. The higher intake of both bermudagrass hay and NDF by goats fed FBF diet appeared to be attributed to the greater ability of fiber digestion by goats fed FBF (Ramli et al., 2005) , but this could not lead to the improvement of the growth rate. Kawashima et al. (2003) in their study regarding the use of sugarcane stalk in the diet of cattle reported that the tough fiber of sugarcane stalk might remain in the rumen during a relatively longer period which would depress the consumption. Leng and Preston (1988) also reported that the fiber of sugarcane is slowly digested with its longer retention time in the rumen. Therefore, it is suggested that the higher NDF intake of goats fed FBF diet would be caused by the higher NDF digestion (Ramli et al., 2005) , though potentially undegradable fraction (tough fiber) remains in the rumen for a relatively longer time.
Total time spent eating of goats in this study was 5 to 6 h per day, which was similar that was previously reported by Morand-Fehr et al. (1991) , Abijaoudé et al. (2000) and Van et al. (2002) . In many cases, total time spent eating of goats was highly variable, which depends on feed quality, type and mode of feeding. Van et al. (2002) also reported that approximately 75% of eating time of goats was in day time, which is consistent with the results of the present study (70 to 80%).
Although there was significant difference in blood P contents of goats between LH and FBF diets (Table 4) , both values were within the normal range as described by Blood and Studdert (1989) . Although the blood glucose content of goats fed either LH or FBF diet was somewhat less than the normal range (Blood and Studert, 1989) , no hypoglycemia occurred throughout the experimental period. Moreover, there was no incidence of urinary calculi, suggesting no adverse effect on animal health in this study.
The possible reason for the similar slaughter and carcass weights of goats fed either LH or FBF diet despite the greater bone/muscle ratio and the weights of empty gut and gut fill of goats fed FBF diet is the lower dressing percentage and carcass fatness measured as GR of goats fed FBF diet.
There was no significant difference in fat content of loin between treatments, but the flavor and aroma of meat of goats fed FBF diet were highly evaluated, suggesting some factors associated with meat flavor and aroma. Although a fatty acid is one of the major components affecting meat flavor and aroma, it was not identified in this study. Therefore, further information is needed on the difference in fatty acid composition rather than fat content of goat meat. It was concluded that the nature of the diet consumed voluntarily did not affect subsequent growth, nutrient intake and behaviour of goats but had an influence on carcass traits and sensory evaluation of meat partly, when offering bermudagrass hay as a basal diet together with lucerne hay cube or FBF.
IMPLICATIONS
This study showed the FBF could be an alternative to lucerne hay cube in goat feeds with little adverse effect on the performance, feed efficiency, animal health and meat quality, when offering bermudagrass hay together. Thereby, it was possible to save the cost of goat feeds and to lead to increased self-sufficiency in animal feeds.
